4057

L

DISTRIBUTION STATEMENTA |
|

RECORD

ors: | eo-LEOFH, MAIN EILE JPRS: LOSO

22 September 1960

Approved for Public Release
Distribution Unlimited

EFFECT OF RUBBER FILLERS ON THE COEFFICIENT
OF STATIC FRICTION
By S» Bs Ratner

and

Vo Do Sokoltskaya

- USSR ~

Distributed by:
Reproduced From

OFFICE OF TECHNICAL SERVICES .
: » OF TECHNI " Best Available Copy

U. 8. DEPARTMENT OF COMMERCE
WASHINGTON 25, D, Cs ’

U. S. JOINT PUBLICATIONS RESEARCH SERVICE
205 EAST L2nd STREET, SUITE 300

NEW TORK 17, Ne . DTIC QUALITY IHCFECTED 4




!

MAIN FILE

JPRS: 4050
CEO 3 104%/A=S

EFFECT- OF RUBBER FILLERS OH THE COEFFICIERT
: : OF STATIC FRIGTEGN

3
H
w88 R~

/Following is & translation of the article
tyliyaniye napolniteley reziny na koefflt-
sient statlcheskoge treniya" {(English ver-
sion above) by H.~B., Ratner and V.-D. So-
rol'skaya in Doklady Akademly Nauk S88R
(Reports of the Academy of Sclences of the °*

ygesRy, Vol LXXXVi, No 1, 1952, pages 12i~

~10h,7 .

(submitted to Academician P.A. Rebinder
on 11 July 1952) .
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: 1. It has been demonstrated by one of the authors
(1) that, in instances of statle friction of rubber
against metal and plexiglass, the frictlon coefficlient
M. decreazes as the load W increases, according 1o
formula

- )
po=froot i

where ywan minimal velue of friction coefficlent of
rest, which is valld when Ao or when AL N 5 A-is
the tanmential component of forces of molecular inter-

action of the working palr in friction.

Tt wag shown in the above-cited work that &
change in the type of metal and of surface temperature
effects a change of A and xe not in proportion to one
%n?ther, i.e., contrary to the B.V. Deryagin formula
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“

; ”ha present work examines the guestlon of the
effect on the GV%”%?tV & ia; well as 0un fHes and conge~
guentiy upon tu; friction eosPiPicient A as & whole) of
verious rubber e guanbity gnd charasier of
which determine saeniibude of smzation Detwesen &
ganpie of rubber and 1 tining in the state of statle
fristion. o o

5.  As is #ncwn, ong of the mosb uweeful ingre-
dlents of rubber mixtures is soot in the canacity of an
actlive ﬁiilﬁ : sraass in the amount of socol leads
o incresss of wubber, as a result of which
& l%ﬁﬁ%ﬁ}‘ﬂ ion bebween rubber end its ine
figxible liﬁ 5 }lufigiaﬁg} pay be expsched
owing Lo & de the actusl trus sres of contisct
nhetween them. T ra, & higher anount of sont in
rubber wmay bring abo g% s diwiniution of the frictlen
cosfficiant at 1 nenes of & decrsase 1n guantity &
On the obher hand, n@ apg&zemﬁ pengas can be Ioregesen
apriori for the vnw%atiﬁaa in quantlty Mo 1T an¢ takes
as point of depariure the snteppretatlon of the X hinomisal
law of i?iﬁuiwﬁ &up‘Iieé By ngm peryazin {(2}.

? é&@w?eh data are offered in Fig. 1.

'zacwfinr wa%c {1} they are ex-
pres v for. the purpose of

checking the valld
Linsar dspendence
does not u@nrva W

lm

V &

Y, which reguires a
coordinates, i A

the guantity of ihe tangen
on &, eXperlience shows th
god Lo a steapar incl
inﬁyaﬂaﬁx), szocondly, th
an & switeh iz made 1O aﬂsthaﬁ mev
zag. for each rubber containing

mf s@ﬁta

¥ We snall not stop O oX: ming the
tions Trom linearity = of spscial v
: gnft rubbers - hecsuss thls has no €
Lm nature of our conclueliong.

mgﬂh%em of devie-
glavance for
t on the
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Pigure 1. Dependence of the frictlon coeffli-

clent of soot~Tilled rubbers on re-
verse load. 1 - rubber contains 1O
parte by welght of gas soot; 2 - 45
parts by weilshii 3560 p.w.; a = frice
tion of rubber amainst plexiglass;

b - azainest eteel; o - apgalnet alue
minum~-contalining alloy AMG., Coarse=-
ness of steel ls greater than that

of AMG. -

The Tirst clrcumetance 1s in correspondence with
considerations of the role of hardness of rubber llsted

i

ii'%:) CVE,

sreceeding vwork (1) when comparison was drawn betvesn

frioction of rubber against two different metuls) indi-

cates that forees of adhesion are determined, In the
o

main, DLy an adopistion of the surface ¢f the sofer com=
ponent of the palr in fricticn {rubber} to the surface
of the harder component, 80 that & change of the latter
{substitution by ancther metal or even plexiglasa),
which serves ss 2 hard lining, has no effect on the for-
ces of adheslon and, conseguently, on quantity A as well.
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| %,  Concerning cuantity M= , it follows from

experimental data that 1t la independent of the amount
of scot in rubber {}e@ Filge 1}, He varles o ‘v when
the lininw is switeched mﬂiﬁ cireumstance conflirme,
throiugh & number of @r the absence of connectlon
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betwaen & aﬁd Moo 5 a8 LQéﬁd Lhe pf”'&d ng work (L1},
It 1s interesting that & case, not nlize ocurs,
of ‘an ineresse in A {(with & maintained comﬁtmrvv (>34 }in}
«- waa noted by B. V. Deryegin and V. P. Lazarvev ’7; in the
présence of an increazesd quantlty of multlmolecular 1lg-
vers of zc¢id soap of barilum gund calcium, serving as lu-
brication in the friction of glass asslust parai f;w¢
The independence of xe Irow the amount af soot
testifies to the fact that the {riction coefflclent le
devermined only by the mlcro-goarseness of the palr in
friction, when conditlons nullify the effect of the fopr-
ces of adheslon, which are connected mlhm the hardness

%,

af rubber (bacause A< A J. Insomuch as all %@ﬁﬁl%ﬁ
* rubber, regardless of soot content, ars vulecanized in
ane arnd the same pressform, Me ig pregerved as & gon=
stant in frictlon against any glven linlug by all of
thege r&bb rs wonufestursd on the basis of one caout-
chouve., Because the particles of the {filler bes OmE

coated ﬁlu% caputehouc, we may expect, by preserving the
latter, constancy g* oo {e0 long as the coating remalns

sufficiently “U&UEva)«
Wom hﬁrc 1t follows that subestitutlion of fillers

wlill not affec r alter the guantlity He ’ hecauns the
guality of tﬂw Lille g not SUDPOS ed 1o play a role,
inssmuch &s ite guentity doesn't elther. An experimsn~
tal check of this assumpbion is eiven in Flg. 2.

The dlagram indlcates that, regardiess of guan-

.

relue in frictlon against a given linlug From the
COrre aﬁdalﬁq peint on hﬁ ordinste rxig the stralght
lines for rubbers containing equal and differing amounts
of variocus fillers are radiated in the manner of rays.
The presence of this fact {(in uwtilization of fillers

‘ differing character) spesks of the general nature of
the noted phenomencn for hoth the ina ctive fillers

{: hﬁlk and the sctive ones {such ag zoot of diversified

ty gﬁ%

tity and wzwmity of Liii““ﬂ of rubber, ;um pregerves its
v

45 I+ must be noted th&ﬁ, degplite the varied
character of the fillers ussed, the effect of guantlity of
each one of them on the constant 4 (which charascterize

itae farces of adheslion and increases with decrsase in

s
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and

ntity of any
l.ﬂza, tion,

incresases

inerea-

. Effect of fillers of rubber on the
dspendence of the coeffictent of
rpiotion against mebal {413} on losd.

1 - 10 uaz_%t parte: 2 = 253 3 = 453

& - chalk, b = white sooht, © - gas

B8oGha
. with this arises the guestlon of
e gquantlity Af on one hand, s0nCeri-
< A, corpespondlng GO ﬂ‘~1ehe ab-
¢ on the other hawd, CONGer the
uwes of 4 corresponding i< t&ﬁ mav,mal
ip Fillers. L@t ws nol tarey here
st al cumztance - the single value

A = pecause it is gualitatively
. taw econd guestion is connecthed

Leknown ablillity of one or another [iller to

rently with a givwﬂ cagutbehouc, which de-

iiﬁih of cuxp ativility, l.e., U rtreme

amount of

ingredient la the rubb

ilrtures
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1 3 e
coating of partl nour £ilm apparently
beaomes dlsrg pt« .
v the v ‘ﬂi%v of these linlis ©
Lh“ nportlion ﬁf, lTer near the surface o
may ‘turn out to he very weakly tied with
Q“ sven serving as a lubrlcant, Buah tnwnw&
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e kaa w1 dub -
n this cage our sZperi Sments have shown

the chée

raster of the effect of vaphite an filler on the frzﬁm
{ tion coefTleient of »ubber to be the very same ag oF
cther (menbioned) fillers. The specifics of gﬁaph;t%
£ind thelr expression in that It fﬂ¢ea15 the decrense
a ty is sufflclently

1 A S
i beyond these limits of cﬁmb% biiiﬁy the above-noLed “1
o
|

of gquantlity fleo s when 1ts own quantld

1., When shtatic fricilon of 1 ubbher against metsls
snd plexislass takes viace, the ¢oO ﬂtmnbﬁ A end o 31
formuila (1) vary independently f“Qn one ancther: & == &%
| © the expense of ithe smount of Tiller, Ma == &bt the eX-
| pense of & gwli ium of lininz.
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¢dt af tanse
Ik
g

cential - forces Qf A, CON~
| neeted with ﬁxn ﬂulﬁﬂu*&ﬁ interaction of suprfaces, lnerses-
| sen vhen the amount of any filler is decraeased, whather
‘ it be an active filler {soot, sillcon dioxide) or an in-
‘ sctive one (praphite, chalk) in parsllel with the decrease
| in hardness 0“ rubber.
| 3. guantity A ls ldentlical for friction of &

N
glven rubbaer azaingt different materlale {metels, plexle
oless).

LN -‘JI\J'

Changes Lo gusntlily &m guality of & rubber

o not have sn effect on the minimal friction oo-

A ﬁfL &«

“puantity e can decreans when the amount of

BUOmEs a”?ﬂifxa by 2. WP&?iiub whioch commen-
#

ske on the role of & 1&br;cwat in the vicinity of
wits of compatlipility with caoutchoucs

s

The authors exvress thelr gratitude to V. B. Der-
vagin for his part in the discus gion of results
W o

Sepiantiflic Research Institute , Recelved
| of the Rubb Industry. 11 June 1952 |
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